Analysis of H 2 O 2 -induced toxicity in hippocampal neurons (A) and NMDA-induced toxicity in cortical neurons (B). Neurons were treated with the indicated combination of BDNF (100 ng/ml), PD98059 (PD, 20 µM), LY294002 (LY, 20 µM), nifedipine (Nif, 5 µM), APV (250 µM), TTX (1 µM), and K252a (200 nM) for 8 hr. Cell death was analyzed 18-20 hr following the toxic insult. Statistical analysis for each experiment was determined by ANOVA. Asterisks indicate significance between BDNF-treated and not BDNF-treated conditions for H 2 O 2 -or NMDA-challenged neurons. *p < 0.05, **p < 0.01, ***p < 0.001. All data are expressed as mean ± SEM. (A) QRT-PCR analysis of candidate gene expression in hippocampal neurons stimulated in the presence or absence of 1 µM TTX for 4 hr with 100 ng/ml BDNF. Fold changes in expression relative to untreated controls are given. Blue boxes indicate genes regulated by action potential (AP) bursting (see Zhang et al., 2007; 2009) but not by BDNF treatment; grey boxes indicate genes regulated by BDNF in a largely TTX-insensitive manner. (B) TTX sensitivities of the genes analyzed in (A) are given as percent inhibition of induction/repression by BDNF treatment (n=3). Statistical analysis was determined by ANOVA; *p < 0.05, **p < 0.01, ***p < 0.001. All data are expressed as mean ± SEM. (F, G) Shown are the net NMDA receptor mediated conductances normalized to the maximum net NMDA current (i.e., at +80 mV) measured before (control) and after NBQX application in the same cell. (F) In the absence of glycine, 20 µM NBQX significantly reduces the NMDA conductance. (G) In the presence of 20 µM glycine, 2 µM NBQX does not reduce the NMDA conductance.
Supplemental Figure S2
(H) Representative silver-stained coronal brain sections of mice stereotaxically injected into the left hemisphere with PBS or rAAV-inhba-flag three weeks prior to MCAO surgery. The border of the damaged area is indicated with a red line. Scale bar, 0.5 cm.
All data are expressed as mean ± SEM. 
Supplemental Figure S5

Supplemental Experimental Procedures Cell culture
Hippocampal neurons from newborn C57Bl6N mice were prepared and maintained as described previously (Zhang et al., 2007) . Experiments were performed after a culturing period of 10-13 days in vitro (DIV), during which hippocampal neurons express functional glutamate receptors (NMDA/AMPA/kainate) and develop an extensive network of synaptic contacts. At DIV 8 growth medium was replaced with defined media consisting of salt-glucose-glycine (SGG) solution (114 mM NaCl, 26.1 mM NaHCO 3 , 5.3 mM KCl, 1 mM MgCl 2 , 2mM CaCl 2 , 10 mM HEPES (pH 7.4), 1 mM glycine, 30mM glucose, 0.5 mM sodium pyruvate, 0.2% phenol red), Minimum essential medium (MEM, Invitrogen), ITS (Sigma-Aldrich) and penicillin/streptomycin (Sigma-Aldrich) (Bading et al., 1993) . The following drugs and peptides were used in this study: APV, LY294002 (Biotrend), Bicuculline (Axxora), MK-801, TTX, SB431542 (Tocris Bioscience), NMDA, nifedipine, verapamil, tetraethylammonium, 4-aminopyridine (Sigma-Aldrich), PD98059, K252a (Calbiochem), recombinant human BDNF (Peprotech), and recombinant human inhba/Activin A and Follistatin (ProSpec and Peprotech).
Imaging
For multi-cellular extrasynaptic NMDA receptor calcium imaging experiments, cells were loaded at 36°C with membrane permeable Fluo3-AM (1.5 µM, dissolved at 1.5 mM in pluronic acid and DMSO) for 30 min followed by 10 min after washout for deesterification of the dye. Excitation light from a CooLED 470 nm diode was passed through a clean-up filter (470/40 nm, Chroma Technologies) and emission light was filtered through a 525/50 nm filter (Chroma Technologies). Somatic calcium levels were quantified as (F-F min )/(F max -F) where F represents the average fluorescence intensity in a somatic region of interest (ROI), F max represents the maximal F after incubation in ionomycin (50 µM), F min represents the minimal F after subsequent application of a saturated manganese solution (1:500).
Extrasynaptic NMDA receptor-mediated calcium signals were recorded following blockade of synaptic NMDA receptors using application of MK-801 (10 µM) during recurrent network bursting activity induced by gabazine (2 µM) in the presence of glycine (10 µM). For further details and electrophysiological verification see (Bengtson et al., 2008) . The MK-801 containing solution was then washed out for 5 min with a solution containing no glycine and TTX (0.5 µM), nifedipine (7 µM), verapamil (30 µM) and NBQX (2 µM) to halt all action potentials and block voltage operated calcium channels and AMPA receptors. Extrasynaptic NMDA receptors were then activated by adding NMDA (20 µM) and glycine (100 µM) for 10 min.
To study NMDA-induced/NMDAR-mediated global and nuclear calcium signaling using a Leica SP2 Confocal microscope (Leica), Fluo-3 imaging as described (Lau and Bading, 2009) was done in CO 2 -independent, salt-glucose-glycine solution (140.1 mM NaCl, 5.3 mM KCl, 1 mM MgCl 2 , 2 mM CaCl 2 , 10 mM HEPES (pH 7.4), 1 mM glycine, 30 mM glucose, 0.5 mM sodium pyruvate) in the presence of 0.1 µM TTX only or 5 µM nifedipine and 0.1 µM TTX where indicated. Imaging of nuclear calcium signaling was performed with hippocampal neurons infected with rAAVGCaMP2.0-NLS-myc. Experiments were performed with neurons from at least 3 separate preparations. Where indicated neurons were loaded with 2 µM Fluo-5F. Live cell imaging of mitochondrial membrane potential was performed using cellpermeable fluorophores, Rh123 and TMRE respectively (Molecular Probes) as previously described (Hardingham et al., 2002; Lau and Bading, 2009 ). All live imaging experiments were done in the presence of 1 mM Mg 2+ .
Immunological methods
Standard protocols for immunoblot analyses were used to investigate the phosphorylation of TrkB, Akt, ERK1/2, and NR2B. The following antibodies and phospho-specific antibodies were used as described by the manufacturers: phospho- 
Expression of target genes was normalized against the expression of gusb and/or 18s rRNA as endogenous controls using the ΔΔCt method.
Recombinant adeno-associated viruses
Recombinant adeno-associated viruses (rAAVs) containing a 1. were generated by standard molecular biology techniques and verified by sequencing. Viral particles were produced and purified as described previously (Zhang et al., 2007) . Neurons were infected with 2-5x10 9 particles/ml on DIV 4-6 and harvested or analyzed on DIV 10-13, depending on the experimental conditions.
Whole cell patch clamp recordings
Whole-cell patch clamp recordings were made from cultured hippocampal neurons plated on 12 mm round coverslips secured with a platinum ring in a recording chamber (OAC-1, Science Products GmbH) mounted on a fixed-stage upright microscope (BX51WI, Olympus). Differential interference contrast optics, infrared illumination and a CCD camera (Andor Clara, Acal BFi) or an sCMOS camera (Andor Neo, Acal BFi) were used to view neurons on a computer monitor using a software interface (Andor iQ). with HCl; gassed with 95% O 2 and 5% CO 2 ). After decapitation, the brain was rapidly removed and submerged in ice-cold slicing buffer. Three hundred micron thick coronal slices of the dorsal hippocampus were cut at 0°C (CU65 Cooling Unit & HM650V Vibratome, Microm, Walldorf, Germany) and transferred to a 32°C holding chamber. After 15 min, slices were transferred to room temperature ACSF until used for recordings over the subsequent four hours.
Measurement of Current-Voltage Relationships
For current-voltage relationship recordings, CdCl 2 (100 µM), TTX (0.5 µM) nifedipine (7 µM) and verapamil (30-100 µM) were added to the ACSF. In some recordings, NBQX (2 µM) was included to block AMPA receptor mediated EPSCs which in the presence of 20-100 µM glycine had no effect on NMDA responses (see Figure S4 ). slices, NMDA (300 µM) and glycine (100 µM) were co-applied via pressure ejection using a picospritzer (PV800, World Precision Instruments) for 300 ms at 3 psi through a patch pipette directed at the primary apical dendrite 120 µm from the soma. Neurons with clearly visible, single, superficial apical dendrites were chosen.
Voltage ramps were recorded at the peak of the NMDA response (see Figure 4J ). ML 3.0; DV -3.5. from bregma (Zhang et al., 2011) . Mixture of virus particles with or without Mannitol was infused at a rate of 200 nl/min using a microprocessor controlled mini-pump (World Precision Instruments, Sarasota, FA). After stereotaxic injection, mice were allowed to recover from anesthesia by subcutaneous application of a mixture with Antipamezol, Flumazenil and Naloxon. To prevent post-anesthetic hypothermia animals were kept in their home cage on a heating pad until they were fully awaken. Procedures were done in accordance with German guidelines for the care and use of laboratory animals and to the respective European Community Council Directive.
Survival/cell death assay
Middle cerebral artery occlusion (MCAO)
Three weeks after stereotaxic delivery of rAAVs or PBS to the left cortex, mice were subjected to MCAO as previously described (Martinou et al., 1994; Murikinati et al., 2010; Zhang et al., 2005; Zhang et al., 2011) . Briefly, the mice were anesthetized by intraperitoneal injection with 150 µl of 2.5% tribromethanol per 10 g of body weight.
The left middle cerebral artery was exposed and occluded by microbipolar electrocoagulation. The rectal temperature was maintained at 37.0 °C during surgery using a heating pad. Two days after the permanent occlusion, the mice were reanaesthetized with Narcoren, perfused intracardially with normal saline solution, and then the brains were carefully removed. Coronal cryosections of the brains (20 µm in thickness) were cut every 400 µm and stained with a silver technique. The size of the ischemic lesion was corrected for brain edema and determined using ImageJ software. The investigator was unaware of the pre-treatment with stereotaxic injection of the mice. All animal experiments were approved by the local animal welfare committee (Regierungspräsidium Karlsruhe, Germany).
Silver-staining and quantification of infarct volume after MCAO
Six consecutive 20 µm thick coronal cryosections were cut every 400 µm and subjected to determination of total infarct volume using a silver staining technique . A total of 20 slices were collected for each brain and analyzed for stroke damage volume. The silver-stained sections were scanned at 1200 dots per inch and the infarct area was measured by using ImageJ. Infarct volumes were corrected for brain edema as has been described previously
